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树碱 (HCPT)作为模型抗肿瘤药物，通过透析法自组装形成负载 HCPT 的




HCPT-MPEG-PLA NPs 进行表征；体外考察其释药曲线；采用人宫颈癌细胞 HeLa
细胞对 HCPT-MPEG-PLA-FA NPs 的细胞摄取和细胞毒性进行研究；建立 H22 小
鼠肝癌模型，对 HCPT-MPEG-PLA-FA NPs 的体内分布和抗癌效果进行研究。 
本实验制备的 HCPT-MPEG-PLA-FA NPs 为实心球形壳核结构，平均粒径为
230.4 nm, PDI 为 0.036，载药量为 8.233%，包封率为 67.7%。通过红外光谱和
XRD 衍射图谱分析可知，HCPT 在 HCPT-MPEG-PLA-FA NPs 中以无定形状态存
在。HCPT-MPEG-PLA-FA NPs 在体外不同 pH 条件下的释药情况表现出突释和
缓释的双相特征。当 pH 值升高时，纳米粒子中药物的释放速率加快。 
MTT 试验表明：HCPT-MPEG-PLA-FA NPs 组和 HCPT-MPEG-PLA NPs 组对
Hela 细胞均有一定程度的杀伤作用，且均具有药物浓度依赖性。其中
HCPT-MPEG-PLA-FA NPs 组对 Hela 细胞的毒性作用效果更明显。通过激光共聚
焦荧光显微镜观察发现，HCPT-MPEG-PLA-FA NPs 的细胞摄取情况优于对照组。
这证明了 HCPT-MPEG-PLA-FA NPs 可以更有效地被 Hela 细胞摄取，具有肿瘤细
胞主动靶向性能。  
本文最后通过活体荧光检测和体内器官分布实验，研究了荷瘤小鼠经肿瘤局

















器官的积累量较少。说明 HCPT-MPEG-PLA-FA NPs 具有较好的肿瘤靶向性且对
其 他 正 常 组 织 器 官 影 响 较 小 。 通 过 肿 瘤 抑 制 率 实 验 结 果 发 现 ：
HCPT-MPEG-PLA-FA NPs 的抑瘤率优于对照组和纯药，且小鼠体重正常增长。








































There have been many reports about the high expression level of folate receptor on 
human cancer cells compared with the normal cells. Therefore, folate acid 
(FA)-modified nanoparticle drug delivery system has attracted considerable research 
interest and may serve as a guide in the scientific design. We chose MPEG-PLA 
polymer as model controlled release drug carrier, conjugating FA as a targeting ligand. 
The carboxyl group of FA molecule reacted with the hydroxyl group of MPEG-PLA 
to form the ester bond via the esterification reaction. The synthesized MPEG-PLA-FA 
and 10-hydroxycamptothecin (HCPT) were used to direct the self-assembly of the 
HCPT-MPEG-PLA-FA NPs through a dialysis technique. The influences of different 
variables have been investigated, such as initial organic solvents, MWCO of dialysis 
bag, initial copolymer concentration, and the ratio of HCPT to MPEG-PLA-FA. The 
obtained HCPT-MPEG-PLA-FA NPs were characterized by dynamic light scattering 
(DLS), scanning electron microscopy (SEM), transmission electron microscopy 
(TEM), fourier transform infrared spectroscopy (FTIR) and X-ray diffraction (XRD). 
We used UV to test the drug release behavior in vitro, used CLSM to observe the 
uptake of Hela cells, and used the fluorescence of main organs and tumor imaging to 
observe the biodistribution of HCPT-MPEG-PLA-FA NPs in tissues in vivo. 
Moreover, we studied the inhibition of tumor in vivo through the fluorescence 
intensity of tumor an the weight of mice. The results shows that the prepared 
HCPT-MPEG-PLA-FA NPs was spherical in shape, with a uniform size and 
distribution, existing by amorphous state. The study of drug release of HCPT in vitro 
exhibited biphasic characteristics with a slow and prolonged release.  
The MTT tests of HCPT-MPEG-PLA-FA NPs cytotoxicity show obviously 
concentration-dependent characters. The main fluorescence of tumor is stronger than 
















NPs and the biodistribution of HCPT-MPEG-PLA-FA NPs in tissues was lower than 
tumor , indicating the hypotoxicity in vivo. The development of 
HCPT-MPEG-PLA-FA NPs realized targeted and prolonged chemotherapy of tumor, 
enhancing the therapeutic effect and avoiding the damages to the normal organs. 
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第一章 绪 论 
1.1前言 




















































































PLA 是目前已经被 FDA 批准认可的体内可降解材料，其在人体内正常代谢
的中间产物是乳酸，乳酸经过分解最终生成 CO2 和 H2O，都属于人体内正常代
谢产物，随机体代谢排出体外而不会在组织器官发生聚集，不会对机体产生毒副













理或化学方法将 PLA 或 PLGA 与 PEG 进行共聚反应形成新型 MPEG-PLA 或
MPEG-PLGA 嵌段共聚物，修饰后的嵌段共聚物作为载药纳米粒子可改变 PLA
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